The biological evaluation of air pollutants is an example of the difficulties of evaluating the effects of mixed concurrent exposures to multiple agents, such as combinations of carcinogens with other carcinogens of the same or different chemical class, with incomplete carcinogens and cocarcinogens, with particulate materials and other factors that modify tissue distribution and retention, and with modifiers of metabolic pathways of activation and detoxication.
Increasing recognition is being given to the multifactorial origin of human cancers. This concept implies that any particular type of exposure under consideration has to be evaluated in the context of a number of other factors that can all contribute in different proportions to the causation of cancers in a population. In proposing a model for such multifactorial interactions, I have suggested (1, 2) Chemical induction models in vivo have been established in animal systems for most of the major forms of human cancers: they include models for epithelial cancers (e.g., epidermis, bronchus, larynx, esophagus, glandular stomach, colon and rectum, pancreas, liver, biliary passages, kidney, bladder, mammary gland, endometrium, uterine cervix, ovary, prostate, thyroid and other endocrine organs), as well as models for nonepithelial neoplasia (e.g., lymphomas, leukemias and neoplasms of the nervous system and of connective tissues).
Epithelial cell culture systems have been recently established in several laboratories for the corresponding tissues of origin, both from the experimental animal models and from human tissues (e.g., epidermis, trachea/bronchus, lung, esophagus, colon, pancreatic duct, kidney, bladder, mammary gland, endometrium, uterine cervix and prostate).
Methods for the chemical induction of neoplastic transformation in epithelial cells in culture have also been established for animal cells of different tissues (e.g., liver, epidermis, tracheobronchial epithelium, bladder).
Advances in these fields were the subject of extensive recent reviews (3, 4 (7, 16, 17) .
The physical conditions that contribute to these combined effects are also complex, involving not only the particle size of the carrier dust, but also the particulate state of the carcinogen itself and its physical relationship to the surface of the carrier particles (18) (19) (20) (21) (22) (23) .
Different types of carrier particles have been found effective in enhancing respiratory carcinogenesis by polycyclic aromatic hydrocarbons, including ferric oxide (5), titanium oxide (24), magnesium oxide (25) , carbon (24) and iodine (26) .
The interaction of particulate matter in respiratory tract carcinogenesis has been found to occur even in combination with systemically administered carcinogens, as was shown in hamsters by SC injections of diethylnitrosamine followed by intratracheal instillations of ferric oxide particles suspended in saline which markedly enhanced the incidence of peripheral lung tumors (14) . Repeated intratracheal instillations of saline alone in such a system (i.e., following diethylnitrosamine pretreatment) may also result in a higher level of peripheral lung tumor response, suggesting a nonspecific effect probably mediated by enhanced cell proliferation in the peripheral lung. Progress in the development and study of respiratory carcinogenesis models was extensively reveiwed by Nettesheim and Griesemer (27) .
The establishment of organ and cell culture methods for respiratory epithelia was the major step towards a more detailed investigation of carcinogenesis mechanisms at the metabolic and cellular level. These methodological developments and their implications were reviewed in recent years (27) (28) (29) and suggest that there is now available a wide choice of interrelated biological systems for the study of respiratory epithelia in vivo and in vitro, including tissue explants and isolated epithelial cell cultures from both animal and human sources.
While considerable progress has been made in the elucidation of metabolic pathways of carcinogen activation in target respiratory tissues, including the identification of the specific DNA adducts of several carcinogens administered individually, very little work has been devoted so far to studies on the mechanisms of combined effects of multiple exposures to different carcinogens in these systems.
It (31) .
A critical evaluation of human carcinogenic risks requires careful definition of both sides of the host-environment interaction. The "host factor" has to be characterized in terms of genetic susceptibility, metabolic competence, nutritional state and also in terms of exposures to any other relevant environmental contributing factor. The "exposure factor" also needs to be carefully characterized from both the physical and the chemical points of view. The possible interactions of different components of an environmental mixture need to be defined in relation to the experimental conditions used in biological evaluations. For example, as indicated above, variations in the particle size distribution of test materials can greatly influence their distribution, persistance and biological effects in the respiratory tract.
Sampling methods and characterization of test samples need to be accurately defined and reported. Reproducibility of the induced biological effects is a good indicator of the reliability of the findings if they are obtained with samples that are prepared independently.
Certain types of interactive effects of the components of complex mixtures may be dependent on specific exposure conditions. For example, the prominent role of particular matter in determining the level of carcinogenic response in vivo to respiratory carcinogens may be in part dependent on the specific hyperplastic effects induced in the respiratory epithelium by the administration of particulates; we do not know yet if a similar effect occurs in tests for neoplastic transformation conducted on isolated cell systems. We have found a marked mutual inhibition of mutagenic activity in the Salmonella assay among several polycyclic aromatic hydrocarbons and their mixtures, while certain other carcinogens were found to enhance the mutagenic activity of benzo[a]pyrene in this assay (30) . We do not know yet whether these effects will persist in biologically more complex systems. These questions can be investigated in the sequential series discussed above using defined prototype preparations of multiple components to determine whether a given combined effect is triggered at Risk assessment has become a widely studied subject. It has been pointed out, however, that risk evaluation need not and often should not be forced into the rigid framework of numerical risk estimates: the most important and most critical aspect of risk evaluation may still be the qualitative one, especially in its relation to the comparability of induced effects in the test systems and in the corresponding human situation.
These aspects, correlating progress in experimental pathology with the problem of risk evaluation, were recently reviewed (1, 2, 29, (32) (33) (34) . It is hoped that current and future progress in experimental pathology studies of carcinogenesis mechanisms will contribute to a much more precise understanding of the effects of mixed exposures to carcinogens and their cofactors.
